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(g) Preparation of cross! Inked anion exchange particles. 



■ma present invention provides a process for preparing substantially water-insoluble Me acid 
sequesbent pollen In particulate form, preferably in spherical form, the po*mer P***» STTSI 
prepared by such process, and pharmaceutical compositions comprising such polymer Py*J» 1™ 
P^w pertdes. which have a bile add sequestering efficacy greater than that of ende^.n*. 
breferatly greater than about three times the efficacy of cholestyramine, are prepared by crossllnldng 
S» or more amine-ecntaining polymers with one or more polyfunctions! am,n*readrve compounds 
^"fedc^ bVmethod tor lowering blood cholesterol level In a mammal comprising oral 
adm'nislratlon of the potymer partldes to the mammal. ■ " 
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The present Invention Is concerned with tlio preparation of crossllnked anion exchange partldes, and com- 
positions containing such partldes. 

It has been recognized that elevated levels of cholesterol In the blood plaama are a major risk factor of 
coronary heart disease In humans and that reducing plasma cholesterol level decreases the risk of coronary 
heart disease. Successful approaches to controlling blood cholesterol levels have Included dietary modifica- 
tion, e.g., minimizing the Intake of cholesterol-laden foods and of foods having high fat content, inhibiting chol- 
esterol biosynthesis, and encouraging an Increase in the amount of bile acids eliminated by the body. 

Particulate resins, e.g., cholestyramine, described In US-A-3383281, and colestipol, described In US-A- 
3692695, that are capable of sequestering bile acids are known. Such resins, when orally administered to a 
mammalian host form complexes with bile acid conjugates In the Intestine and are effective In blocking re- 
sorbtton of bile adds from the Intestine. The resin and sequestered bile adds are subsequently excreted from 
the body In fecal matter thereby increasing the rate at which bile acids are eliminated from the body. Other 
factors being equal, an increase In the rate at which bile acids are eliminated from the body tends to lower 
plasma cholesterol level by accelerating the conversion of cholesterol to bile adds in order to maintain a con- 
stant supply of bile acids in ths body. A portion of the cholesterol for this Increased synthesis of bDe adds Is 
supplied by removal of cholesterol from the blood plasma 

The bfle add eequestrants may be orally admlnietered ki various forme, typlcaly aa mixtures with food. 
Although the dosages of known sequestrants that are effective in lowering serum cholesterol In humans typ- 
ically fall in the range of 10 to 1 5 grama/day. dosages of up to about 50 grams/day may be required. The par- 
ticulate bile acid sequ est rant resins can be unpleasant to Ingest, particularly when large dosages are required 
and adverse side reactions (bloating, gas formation, constipation, diarrhea and the like) are oomrnon among 
patients to whom the resins are administered. 

There has been a continuing effort In this field to minimize the unpleasant side effects associated win a 
therapeutically effective bile add sequestrant regimen by developing sequestrants having Increased ability 
to sequester bile adds and which are also effective In reducing serum cholesterol when administered at lower 
dosages than presently required using cholestyramine and colestipol. 

While new candidate bile acid sequestrants must possess satisfactory bSe add sequestering efficacy, 
they must also be non-toxic to the host receiving the treatment Some Me acid sequestrants may possess 
satisfactory bile acid sequestering efficacy, e.g., water-soluble polymers, however, they have been found to 
be cytotoxic towards the host due to sensitivity of living tissue exposed to the water-soluble bile add seques- 
trant It 1b, therefore, desirable to provide a bile add sequestrant that possesses the bile add sequestering 
efficacy of such water-soluble polymers but without the cytotoxic side effects which occur due to intimate con- 
tact between the sequestrant used and the living tissues exposed to the sequestrant 

One approach to providing bile add sequestrants having the proper combination of physical properties is 
to polymerize f unotkmallzed monomers which are water-soluble due to their functional ized nature and to cross- 
link the polymer to such an extent to render it water-Jnsoluble, thus minimizing cytotoxic effects, without hin- 
dering accessibility of the f unctionalized sites of the sequestrant to target bile adds to be removed. 

An aim of the present Invention Is to provide a bile acid sequestrant with enhanced bile add sequestering 
efficacy and low mammalian cytotoxicity based on a croeellnked polymer made from f unctionalized water-solu- 
ble monomers. A further aim of the present invention Is to provide a process for preparing bile acid sequestrant 
polymer particles, preferably as spherical pdymer partldes. 

According to the present Invention there Is provided a process for the peparatlon of substantially water- 
Insolu We bile acid sequestrant polymer partldes In the form of enlon exchange resins, the process comprising: 

(a) pdymerizing a monomer charge comprising one or more amln ©-containing monomers by free-radical 
polymerization; and 

(b) non-free-radical crosslinking with one ormore polyfunctions] amine-reactlve compounds, the non-free 
radical crossllnlcing occurring before and/or during and/or after step (a); 

to provide polymer paiUdes that have bile add sequestering efficacy greater than that of cholestyramine, pro- 
vided that the amine-contalning monomers) contain em? nef undlonaJHy that is not directly attached to a vtnyl 
group in the case where step (b) is conduded after step (a), and further provided that step (b) occurs during 
step (a) in the case where the monomer charge of step (a) comprises one or more free-radical reactive polyvinyl 
crosslinking monomers. 

The present invention also provides polymer partides prepared by the process of the invention. 

The present invention further provides polymer compositions comprising polymer partides prepared by 
the process of the invention. 

The present Invention further provides pharmaceutical compositions comprising bile acid sequestrant 
polymer partides prepared by the process of the invention, and e pharmaceutlcally acceptable carrier. In this 
aspect the composition may further comprise a cholesterol biosynthesis-inhibiting material such as an HMG- 
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CoA reductase In h totter. 

in one aspect of the Inventton the polymerization process comprises suspension polymerization of the wa- 
ter-soluble arnine-contalnlng monomen», optionally using a sufficient amount of one or more dlsperaant to 
provide the polymer particle a In spherical form. 

Another aspect of the Invention Involves conducting the polymerization wherein crossiinxing with the poly- 
functions! amine-reactlve compound(s) occurs during formation of the polymer particles. 

In another aspect of the Invention the amlne-contalning monomarks) la/are selected from: unsubstftuted 
and substituted amlnoalkyl (meth)acrylate esters, for example dlmethylamlnosthyl methacryiata; and unsub- 
atltuted and substituted amlnoafcyl (methjacryiamldea, for oxampte dlmathylamlnopropyl methacrylamlde. 

In another aspect of the present Inventton the polyf unctionaJ arrtne-reacnVe ccmpound(a) Is/are selected 
from unsubstftuted and substituted members of the following classes: dihaloalkanes, for example dlhaloalk- 
anes selected from the group consisting of 1^-dlchloroethane, 1 ,2-dlchloropropane, 1 ,3-dlchloropropane, 1,3- 
dJcWoro-2-propanol and 1 t 4-dlchlorobutane; aralkyl dfoalides; aJkylene dteatars; aryl d testers; aralkyl diesters; 
alkytene dkcyihalldes; aryl dacylhalldes; aralkyl dlacylhalldea; dialdehydes; depoxy-alfcanes; eplhalohydrlns 
such as eplchiorohydrin; and aralkyl diepoxldes. Preferably, the polyfunction^ amine-reactlve compound(s) 
Is/are selected from unsubstitufied and substituted members of the following classes: dihaloCCi-C^^lkanes; 
(Cff-CaoJaraikyl dihalides; (CrCaJalkylene diesters; (Ce)aryl diesters; (C r C^eralkyl diesters; (C r (^>)aikytene 
diacylhalidea; (C«)aryl diacylhaiides; (CrC^)araIkyl dfccylhalides; (Ct-CzoWtaldehydes; dlepoxy-CCrC^al- 
kanes; eplhalohydrina; and (Cg-C^aralkyl diepoxides. 

The polyf unctional amine-reactlve compound(e) Is/are preferably used In an amount of from 0.1 to SO mole 
percent, for example in an amount of from 2 to 10 mole percent, of the tote) monomers present 

In another aspect of the invention tha polymer particles have amine functionality attached to polymer back- 
bone through a side chain linkage group. 

In yet another aspect the particles are In the form of a pharmaceuttcaBy acceptable salt 

In yet another aspectof the invention the polymer particles are In the form of a pharmaceutical^ acceptable 
salt having bile ecfcl sequestering efficacy at least three times the efficacy of cholestyramine. 

The present Invention also provides a method for lowering Wood cholesterol level in a mammal, which com- 
prises oral administration to the mammal of a therapeutically effective amount for example an amount of be- 
tween about 2 milligrams and about 123 milligrams per Wto of body weight of the mammal per day. of the bile 
acid sequestrant polymer par tides prepared according to the aforementioned process. In this embodiment, a 
therapeutically effective amount of a cholesterol biosynthesis-Inhibiting material may also be administered to 
the mammal. 

The anion exchange resins of the present Invention may be prepared by several variations of the same 
process. In one variation the polymers may be produced by buK polymerization In which the amlne-contalnlng 
monomers) is/are first mixed with one or more monomer-soluble polyf unctional amlne-reactrve compound, 
the mixture is then heated, for example on a heated plate, roll or sheet, to polymerize the mixture to a solid 
mass, after which the solid polymer Is granulated Into particles by grinding, flaking or other similar means. 

In another variation of the process the polymers may be produced wherein polymerizing a monomer 
charge, comprising one or more amlne-contalning monomers, by free radical polymerization is completed to 
produce an uncrossllnked polymer, followed by non-frae-radical crosslinklng with one or more polyf unctional 
amine-reactlve compounds to form the crosslinked polymer particles. Preferably, this type of polymer Is pre- 
pared In aqueous solution and the resultant polymer may be further granulated to the desired particle size by 
grinding and similar procedures. 

In yet another varietlon the polymers may be produced by suspension polymerization, preferably in aqu- 
eous media. A monomer charge comprising one or mora water-soluble, amine- containing monomers, one or 
more monomer-soluble polyf unctional compound having functional groups capable of reacting with amine 
functional groups of the amlne-contalnlng monomerfs), and, optionally, one or more additional, copolymeriz- 
able monomers, Is suspended in an aqueous medium and the suspension ie polymerized in the presence of 
monomer-eorubla, free-radical Initiator to form polymer particles which have amine functionality. Preferably, 
suspension aids are used to provide polymer particles in spherical form; for example, the aqueous phase may 
contain dissolved Inorganic salts and suitable dJsparsants. 

In a preferred embodiment of the Invention the process comprises suspension polymerizing e monomer 
charge comprising one or more water-soluble amlne-contalning monomers by free radical polymerization using 
one or mora dispersant to provide the polymer particles In spherical form, and non-free-radical crosslinking 
with one or more polyf unctionaJ amine-reactlve com pounds during formation of the particles to provide polymer 
particles that (1) have bile acid sequestering efficacy greater than that of cnolestyramine and (2) that have 
amine functionality attached to polymer backbone through a side chain linkage group. A more preferred em- 
bodiment of the polymer particles is in the form of a pharmaceutically acceptable salt having bile acid seques- 
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terlng elf Icacy at least three times the efficacy of cholestyramine. 

As used herein, the terms "{meth)acrylate" and "(mcthJacryiamWe'* refer to either the corresponding ao- 
rylatB or mathacrylatB, and acrylamWe ormethacrylamWe, respectively. Also, as used herein, the term 'sub- 
stituted* la used In conjunction with various amine-containing monomers and poJyfunctlonaJ amfrie-re active 
compounds to Indicate that one or more hydrogens of these compounds has been replaced, for example, with 
(q-Cdalkyl, halogen (e.g., chlore-, bromo-), hydroxyl groupa and the like, except where auch gmupe may be 
Incompatible with functional groups already present 

Among those amfne-contalning monomers suitable for use In the present invention are those vinyl mono- 
mers containing amine functionality that Is not directly attached to the vinyl group. Such monomers Include, 
for example: amide monomers such as dlalkylamlnoalKyl acrylamJdee or methacrylamldes {for example, dl- 
methylaminopropyl methacrylamide), HN-bMdlmsmylamlnoallcyl) aorylamldee or memacrylamWee, N-fr- 
eminoethyl acrylamWe ormethacrylamWe, N-(rnethylaniinoethyi)acrylamlde ormethacrylarnlde, aminoalkyi- 
pyraxhe acryiamides or methacrylamWes; acrylic ester monomers such aa dalkylaminoalkyl acrylates or me- 
thacrylates (for example, dimethytamlnoethyl acrylats or memacrylate), Mmlnoethyl aorylate or methacry- 
late, N-{n-butyl)-4-amlnobutyl acrylate or methacrylate, metriacryloxyelhoxyetrrylaml andacryioxypropox- 
ypropoxypropylamlne; vinyl monomere such as vinyl pyridines; eminoalkyl vinyl ethers or sulfides auch aa 
aminoethyl vinyl ether, 0-aminoethyl vinyl sulfide, N-methyi-fl^minoethyl vinyl ether or sulfide, N-ethyi-£-ami- 
noelhyl vinyl ether or sulfide, r^butyi-p-amlnoethyl vinyl ether or sulfide, and l^ethyl-3-aminopropyl vinyl 
ether or sulfide; W^urytoxyaJkyVoxazoiklines and N-acryloxyaIkyftetrahydro-1 >oxazine3 such as oxazolkfl- 
nyiethyi methacrylate, oxazolkilnylethyl acrylate, 3^r^eme<yyloxypropyi)tetrahydro-1,3H>xa2ine, 3-{^mo- 
thacryloxyemyI}-2,2-pentamethyi8ne-oxazolidine, 3-(^methacrytoxyethyf)-2Hnnetr^-2^ropy1oxa2dWlne, N- 
2^2-acryloxyethoxy)etryl-oxazolidina. N-2-{2-methacryloxyethoxyHmyl-5-r^ 3-l2-(2Hne- 
maci7loxyemoxy)ethyl>2,2-dtmethyloxazDlidlne, N-2-(2-acryloxyethoxy)etrtyV-5-nr)etr^^xazoildlne, ^-\Z- 
(rnettacryloxyetr^)^ N-2-(2-methacryloxyethoxy)ethyl-oxazolidine, and 3-{2-(2- 

memacryloxyemoxy)eth^2,2-pentamethylene^xe2olWiria 

Preferred water-soluble, amine-containing monomers useful in the present invention are unsubstftuted 
and substituted arrdnoaflcyl (meth)acrylate esters, and unaubstituted and substituted aminoalkyl 
(meth)acrylamides. Included among these monomers are: dlmethylarnjnoaikyl acryiamides and meihacryla- 
mides. N,^o:^(dlmethylaminoalKy1) acryiamides and methacrylamides, dlmethylaminoajkyl acrylates and 
methacrylatsa, or mixtures inducing any two or more of these monomers. Most preferred are the dimethyla- 
mlnoalkyl acryiamides and methacrylamldes. dimethylaminoallcyl acrylates and methacrylates. and rrdxturea 
of two or more thereof, h which the aJkyt group has from 2 to about 8 carbon atoms, and particularly preferred 
are dimethylami no propyl methacrylamido, dlmethylaminoethyl methacrylate end mixtures of two or more 
thereof. The water-soluble monomer(a) la/are typically preaentln the monomercharge as the major component 
that 19, the water-soluble mon omer or monomers Is/are typically present at a level of at least 50 weight percent 
by weight of the total monomers. As used herein, the term "water-soluble", as applied to monomers, Indicates 
that the monomer has a solubility of at least about 1 gram per 100 grams of water, preferably at least about 
1 0 grama per 1 00 grams of water, and more preferably at least about 50 grama per 100 grams of water. 

One or more other, non-amine-contalning monomers may, optienaly, be present as minor components of 
the monomer charge; that is, such monomers) may be present in a total combined amount of less than about 
50% by weight of the total monomers. Such non-amlne-contaJnlng monomers) is/are preferably present at less 
than about 25% by weight of the total monomers. Non-amine-contalning monomere uaef ul In the preaent In- 
vention include those which are copdymerizable with the amine-containlng monomer(s). Examples of such 
other monomers include, but are not limited to. aromatic monomers such as styrene and a-methylstyrene, and 
aliphatic monomers such as methyl acrylate, methyl msthacrylatB, ethyl acrylate, ethyl methacrylate, butyl 
acrylate, butyl methacrylate, malelc anhydride, vinyl acetate and the like, and mixtures of two or more thereof. 

In addition to the presence of non-amine-containing monomers, one or more inert solvent may also be pres- 
ent In the monomer charge. Such Inert solvents) may, for example, be present at less than about 80%. pre- 
ferably less than about 50%. by weight of the total monomercharge. Such Inert solvents are preferably present 
at less than about 25% by weight of the total monomer charge. Preferred inert solvents useful In the present 
invention include those which are themselves water-insoluble, but which are mlsclble with the emine-contaWng 
monomer(o). The inert eolvents that combine the properties of water-insolubility and monomer-sdubirity are 
especially useful for enhancing the integrity of the spherical beads formed during the suspension polymeriza- 
tion of water-soluble amine-containing monomer^). Examples of such solvents Include, but are not limited to, 
hexane, heptane, Isooctane, toluene, xylene, ethyl benzene and mixtures of two or more thereof. 

In one embodiment of the present invention, cro3slinkar(a) of the general formula B react with amine func- 
tionality, NRR 1 , of the amine-containing polymer (represented In part by structure A) or the corresponding 
amine-containlng monomer(s) to produce crossfinked polymer (represented in part by structure C) according 
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to Equation 1: 



P-{Z)ir-NRRl 
I 

P— {Z)k — NRR 1 + OOm— RMX f ) n 

I 

P — (Z)k — NRR 1 (B) 
I 

(A) 



I 1 

P — (Z)k — NRR 1 P— (Z)ir-NRR 1 

I t 

I © e i 

P— (2)ic— NRR 1 — R?— NRR 1 — (Z)k— P [1] 

| x- x 1 - I 

I I 

P — (Z)v— NRR 1 P-{Z)k-NRR 1 



I 



(Q 



P » polymer backbone; 
I 

Z 8 side chain linkage group; 

K. m, n ■ zero or an integer from 1 to 3, and may be the same or different; 

R, R 1 « (Ct-CeJalkyl groups or hydrogen; or R end R* together win the nitrogen atom to which they are 
attached may be joined to form a saturated ring, optionally containing one or more further hetero-atoms, for 
example oxygen or nitrogen: 

R* 3 (CrCttJafltylene, aryi, (CrC^aryV-Ws-aJkylene; 

X, X 1 - halogen, tosylate, mesylate, broaylate, nosylate, triflate, rKsnaflate, tresylate, epoxide (X orX 1 
is attached to R 2 In C as -CT), and may be the same or different 

The side chain linkage group, Z. is any chemteaDy stable linkage between -NRR 1 the polymer backbone, 
Le. f -NRR 1 is not attached cflrectty to polymer backbone. By "chemically stable* Is meant that Z doea not sub- 
stantially decompose or degrade during the polymerization or crossllnklng reactions. When k la zero the amine 
functionality la attached directly to the polymer backbone. Types of side chain linkage groups suitable for use 
In the present invention include, for example: 

an oxyalkylene group: -0-{CHRV. 

a thtoaJkyiene group: -S^CHR)*-, 

an alkyiamlnoaJkyl group: -(CHR)^NR-(CHR\- f 

an alkyleno group: -(CHR)*-, 

an arylalkylane group: -C^H^CHR)^, 

an alkoxyaikyl group: -(CHR\-0-<CHR) 8 -, 

an alkylthioaikyl group: -(CHR) ]l -8-(CHR} x - (and corresponding surfone and sulfoxide derivatives), 
an eursdoalkyl group: -C(-0)NR-(CHR)r, 
a earboxyalkyt group: -C^OJO^CHR)*-, 
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where Rteas defined above and x Is an Integer from 1 to 10. When n • m = 1, the polyf uncUonal i 
reactive compound is represented by a dlftinctlonal crossllnJcer. Siif ur end nitrogen atoms present In the a We 
crtaln linkage may participate In the crossllnWng reaction with polyf unctional amlne-reactlve compound^) do- 
pending on the reactlvitlee of the particular materlab Involved. 

When neither R nor R 1 In Equation 1 1s hydrogen, then the croaennklno sites In the resultant polymer are 
represented by the quaternary ammonium salt form as Illustrated In structure C. When R or R 1 la hydrogen, 
the crosrilnWng stes m the resultant polymer (represented In part by structure C) may be partially or totaly 
In the free base form In the presence of excess amine functionality. 

| I ® 

p_^Z)ir-NRH P— (Z)k-NRH2 

| I *- 

| ® I 

P— {Z) ir-NR— R 2 — NRH — (Z)k — P 

, I 

I I 

P — (Z)t— NRH P— {Z)k— NRH 

I I 
(C) 

When the polyf uncUonal amlne-reactive compound is a diester {B\ where Y,Y 1 = carbalkoxy, represented 
by -COOR 3 ) or dlacld chtaride (B\ where Y Y 1 = haloacyl, represented by -COY*), at least one Ror R ! of A- 
hydrogen. R*= (CrCJalkyl. and Y* = halogen, then the crossllnking reaction takes place according to Equation 
2. When B' is a dlacld chlortde some portion of the amine functionality in the resultant crosstinked polymer 
(represented in part by structure D) will be in the HY 2 salt form end when is a dieater the amine functionality 
will be In the free base form with R 8 OH as a byproduct of the crossHnking reaction. 
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I 

P__{Z)i r -NRH 

p_(Z)^-NRH + (Y)m-RMV 1 )n > 

I 
1 

(A) 

1 1 
P-(Z)ic-NRH P-(Z)^-NRH 

i ! 

P_^Z)i^NR(C=0)-R 2 -NR(OO)— (Z)lc- p W 

! 

p— (Z)ic-NRH P — (ZJfc—NRH 
I 1 
(D) 

When at (east some of the amine functionality In A Is represented by both R and R 1 being hydrogen, then 
dlaldehydes may be used to crosslinkthe polymer. In this case, the resultant croaslinked polymer contains imine 
groups, known as Schlff bases when the dialdehyde is an aromatlo dialdehyde, such as teoprithdaJdehyde. 
phthalaldenyde or terephthaJaldehvde. Glutaraldehyde Is an example of a suitable aliphatic dialdehyde. 

When R or R 1 Is hydrogen, or both R and R 1 are hydrogen, a Michael-type reaction (also Known as con- 
jugate addition) may be used to crosslink the polymer In the absence of free-radical polymerization conditions. 
Examples of crosslinkers suitable for crosslinkhg the polymer tn this manner are ethylenegtycol diacrylats. 
ethyleneglycoJ dimethacrylate, trlmetrrylolpropane triacrylate, trimethylolpropane Mmethacrylate and thellke. 

Crosslinkers useful in practicing the present Invention are those compounds containing more than one 
amlne-reactlve site, /.e\, any polyf unctlonal amlne-reactlvB compound. Compounds suitable for use as cross- 
linkers In the present Invention (e.g. designation B or B' In Equations 1 and 2) Include unsubstltuted and sub- 
stituted members of the following classes: dihaloalkanea, araikyl dlhaJIdes (such as Ws(chloromethyl) ben- 
zene), aikytene dlesters, aryl dlesters, araikyl dlesters. alkylene dlacylhalWes (such as Bucclnyl chloride), aryl 
dlacylhalWes, araikyl diacylhalldes, dlaJdehydes. dlepoxyaflcanea and araikyl dlepoxldes. Polyfunctions! 
amlne-reacttve compounds having mixed functional groups (e.g. where X and X" or Y and Y 1 are different}, 
for example, eplhalohydrlna auch as eplchlcrohydrin or apibronvohydrin, are also suitable as cross linkers. In 
addition, the tosylate (p-toluenssutfonate), mesylate (methanesuifonate). brosyiate (p-bromobenzenesulfon- 
ate), nosylate (p-nitrobenzanesulfonate), triflate(trifluororr«thanesutronate), nonaflaia(nonanuorobutanesul- 
fonate). and tresytate (trifluoroethanesulfonate) derivatives of unsubstltuted and substituted Afunctional al- 
kanes and aralkanes are suitable as crosslinkers In the present invention. 

Preferred dlhaloalkanes are dlchloroalkaneo and are represented, for example, by those selected from the 
group consisting of 1,2-dlchloroethane, 1,2-dichtoropropane, 1,3-dlchloropropane, 1.3-dlchloro-2-propanol 
and 1,4-tfichlorobutane. Preferred alkylene dlesters are dimethyl matonate, dimethyl succinate, diethyl gkitar- 
ate. diethyl adlpaie, diethyl suberate, diethyl azelate and diethyl sebacate. 

The amount of crosslinking provided by the polyfunctional amine-reacthre compound(s) used in the poly- 
mers of the present invention may be any amount that is effective to render the polymer substantially insoluble 
in water, e.g., from about 0.1 to about 50 mole percent preferably from about 0.5 to about 20 mole percent, 
of total monomers, while maintaining efficacy as a bile acid sequestrant When the term "total monomers" is 
used, reference is being made to the amlne-contalnlng monomers), the polyfunctional amine-reactive com- 
pounds) used as crosslinkers, and any other optional vinyl- or polyvinyl-contalning monomer^). Most prefer- 
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aWy, the amount of crosslinking approaches the minimum amount ef tectlve to render the polymer substantfaly 
InsoIuWe In water, e.g., from about 2 mole percent to about 1 0 mole percent of total monomers present while 
maintaining high efficacy as a bile acid aequestrant 

In addition to the polyfunctionaJ amlns-reacbve crosslinker compound^), the polymers of the present In- 
vention may also be crossiinked with minor amounts of one or moe conventional f nonradical reactive polyvinyl 
monomers. f.e.. less than about 10 mole percent preferably less than about 2 mole percent, and most preferably 
less than about 0.5 mole percent; based on total monomers. Conventional polyvinyl monomers, which copo- 
lymerire under f lee-radlcal conditions, include, for example, dMnylbenzene, tiMnylbanzene, divlnyltoluena, 
dMnylpyridlna, ethylsnegrycol diacrytate, ethylenegrycoJ dlmathacrytale, trlmethylolpropane triacrylate, trima- 
thylolpropane trimethacr ylate, dlethyteneglycol dMnyl ather and the like. 

While not wishing to be bound by theory, wo believe that, In the case of the present invention, them is 
little or no heterogeneity Incorporated Into the polymer backbone since the crosslinks^) does not act as a 
free-radical reactive comonomer during the polymerization of the amlne-contalning monomar(a). Instead, the 
crosslinking reaction takes place at sites away from tha polymer backbone by nudeophillc displacement re- 
action mechanisms. The process of the present Invention provides a greater chance for random homogeneous 
distribution of the crosslinklng sites in the resultant crossiinked ambie-containing polymer particles when com- 
pared to conventional crossiinked particles prepared by f ree-redtoal oopolymerizatlon (such ao cholectyramine 
and others prepared with polyvinyl comonomers) or by crossfinking directly through pdymer backbone sitea 
(such as colestipol). In addition to the more homogeneous distribution of crosslink sites, it is believed that the 
process of the present invention allows for (1) greater control over molecular dimensions of the crossllnking 
moiety and, subsequently, the molecular flexibility of the resultant crossiinked structure when compared to 
conventional crossiinked polymers, resulting in (2) bile acid sequestering efficacy greater than that of choles- 
tyramine, preferably at least three times, and most preferably, atleastfour times the efficacy of cholestyramine. 

The mechanism by which polymers of the present invention are cross! Inked Involves reaction between the 
nucleophilic amine groups of the polymer side chains with arnine-reactive sitea of the crosslinker molecule; 
these reactions may Involve quaternization of the side chain amine groups or, in the case of primary or sec- 
ondary amine groups, acyiatlon, aJkylation, condensation or conjugate addition reactions. The timing of the 
actual crosslinking reaction relative to the formation of polymer may vary depending upon the reactivity of the 
polyfunctionaJ amtne-reactive compound(s) and theaminB-containing monomers). CrossHnking may occur be- 
fore, during or after the actual polymerization of the amine-oontabing monomers) or any combination thereof. 
In the case of aqueous phase suspension polymerization, it Is preferred that at least some of the crosslinking 
occurs during the polymerization of amine-contalnlng monomer(s) to facilitate the formation of water-Insoluble 
spherical particles. Polymers of the present Invention in the form of spherical particles are preferred because 
of the ease of handling during isolation, cleaning and washing of the polymer; however, other forms of the poly- 
mers, e.g., precipitation, powdered, etc., are equally efficacious regarding bile acid sequestering capacity. 

Polymerization Initiators useful In the present Invention include monomer-soluble Initiators such as per- 
oxides, hydroperoxides and related Initiators, as for example benzoyl peroxide, ferf-butyi hydroperoxide, cu- 
mens peroxide, tetralin peroxide, acetyl peroxide, caproyi peroxide, fart-butyl peroctoate, torf-butyl perben- 
zoate, ferf-butyl dlperphthalate, methyl ethyl ketone peroxide and the like, Also useful are azo Initiators such 
as azodflsobutyronltrlls, azodisobutyramlde, 2.2 , -azc-D/s(2.4-dlmathyrvaleronitrile). azo-o/s(o>methylbutyro- 
nitrile) and dimethyK diethyl- or dibutyi azo-Ws(methylvalerate). Preferred initiators are the azo Initiators, and 
particularly prererred Is 2^ , -azo-6te(2 t 4-dlmethylvaleronltrilB). Preferred uee levels of peroxide and azo initia- 
tors are from about 0,01% to 3% by weight, and from about 0.01% to about 2% by weight, respectively, based 
on tha total weight of vinyl monomers. 

Salts useful for reducing sciubiltty of the amlne-contalning monomers) In aqueous phase polymerizations 
include water-soluble, non-reactive Inorganic salts of a monovalent, divalent or aluminum cation and a mono- 
valent or divalent anion, for example sodium, potassium, lithium and ammonium salts of chloride, bromide, io- 
dide, sulfate, carbonate and nitrate and the magnesium and calcium salts of chloride, bromide, iodide and ni- 
trate. Preferred salts are sodium chloride, sodium sulfate and sodium nitrate. The salt is preferably dissolved 
in the aqueous medium at levels from about 5% by weight, based upon the total aqueous phase weight, to 
saturation of the salt In the aqueous phasa The term "non-reactive/ as applied to the salts herein, means 
that the salt does not react chemically with water, the monomere or the porymere formed from the monomers. 

The preferred dlspereante useful for making the anion exchange resin particles of the present invention 
are nonionic surfactants having a hydroxyalkylcellutose backbone, a hydrophobic alkyl side chain containing 
from 1 to about 24 carbon atoms, and an average of from about 1 to about 8, preferably from about 1 to about 
5. ethylene oxide groups substituting each repeating unit of the hydroxyalkylcellulose backbone, the alkyl side 
chains being present at a level of from about 0,1 to about 10 alkyl groups par 100 repeating units In the hy- 
droxyalkylcellulose backbone. The alkyl group in the hydroxyalkylcellulose may contain from 1 to about 24 car- 
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bora, and may be linear, branched or cyclic. More preferred la a hydroxyetrrylcelluloae containing from aboul 
0.1 to about 10 (C 18 )afcyi side chains per 100 anhydrogtucoae units and from about 2.5 to about 4 ethylene 
oxide groups substituting each anhydrogjucoae untt. A particular advantage of these dlspersants Is that the 
spherical polymer particles of the present Invention produced using them are not agglomerated. Lb., clumps 
6 of particles do not adhere to one another; agglomeration occurs when unprotected or poorly protected particles 
collide durtig the polymerization process. 

Typical use levels ofdisperaanta am from about 0.01 to about 4% by weight, baaed upon the total aqueous- 
phase weight 

Other dlspersants useful for making the anion exchange resin particles of the present Invention Include 
to finely divided particles such as silica, clays, ground Ion exchange resins or ground, crossBnked, suspension 
copolymers without ion exchange functionality, and inorganic salts such aa calcium hydraxyphosphaie, par- 
ticularly In combination with hydroxyapatlte. The Inorganic salts may or may not be fully soluble In water, and 
where they are not fully soluble they may behave similarly to the finery divided particles. SHU other dispersants 
useful for making the anion exchange resin particles of the present Invention are polymers containing hydro- 
fa phlllc backbones, which can orient their lipophilic portions to the monomer phase and their hydrophlllc portions 
to the aqueous phase at the interface of the two phases. These polymeric dispersants Include celluloses, poly- 
vinyl pyrrolidones, polyvinyl alcohols, starches and the like. Mixtures of dispersants may also be used. These 
other dispersants tend to be less preferred, as they tend to produce a somewhat greater amount of agglom- 
erated or otherwise undesvabte material. 
20 Bile acid sequestrant polymers of the present Invention may be prepared In macro porous or macro reticular 

form according to known methods by conducting the polymerization in the presence of preoipttants, such as 
those disclosed in Me&zner eta/., US-Ar4256840. The precipitant may, for example, be present in ratios from 
about 20 parts per 1 00 parts of rnorwrner, f.e., 20% on monomer, to about 600 parts per 100 parts of monomer, 
/.e M 600% on monomer, depending on the cross! Inking level and precipitant used. Suitable preclpltants for pre- 
ss paring macroporeusormacroreuoular polymers are those materials that are solvents for the monomer and non- 
sol vente for the resultant croaelinked polymer. Preferred prectpitante include: dialkyt ketones, o.g.. methyl leo- 
butyl ketone, difeobutyl ketone and the like; (CU-AoJalcohola, e.g., f-amyi alcohol. 2-ethyihexanol, methytiso- 
butyl caruinol and the like; (Cs-Cajalkanes. e.g., heptane, Isooctane and the like; and (CVQ 0 )ar«iiatfc hydro- 
carbons, ag/., toluene, xylene and the like. 
30 Uncrosslinked poly(dimethylamincpropylmethacrylamide), while exhibiting efficacy as a bile acid seques- 

trant (relative to cholestyramine), has shown evidence of toxicity when orally aorninlstered to rats, monkeys 
and dogs. The crossilnked bile acid sequestrants of the present invention exhibit reduced toxicity toward mam- 
malian tissue relative to linear, le„ uncrosslinked poly(dlmetrrylamlnopiopylmethacTylamide). 

Preferably, the bile acid sequestrants of the present invention exhibit anion exchange capacities of greater 
35 than about 3 mIDIequlvaients per gram of dry polymer (meq/g) and, more preferably, greater than about A 
meq/g. Most preferably, the bile acid sequestrants of the present invention exhibit anion exchange capacities 
of about 5 meq/g to about 6 meq/g. 

Bile acid sequestrants of the present Invention may be used in the form of free bases or In the form of 
pharmaceutlcaDy acceptable acid salts, or mixtures thereof. Pharmaceutically acceptable acid salts are those 
40 whose anions, when used in therapeutically effective amounts, are nontoxic to the organism to whom the salts 
are administered. Examples of such salts are those derived from mineral acids such as hydrochloric and phos- 
phoric, or organic adds such as acetic, citric, lactic and malonic. The various salt forms of the present Invention 
mey be prepared by dissolving the acid In a suitable solvent, e.g., water or a solution of water and an alcohol, 
treating the free base with the solution to form the salt and then Isolating the insoluble salt from the solution. 
45 Hydrated, /. e., water-swollen, particles exhibiting a mean particle diameter from about 10 microns to about 
400 microns, preferably from about 10 to about 200 microns, are a preferred form of the polymers prepared 
by the process of the present invention for use as bile acid sequestrants. 

In general, bile aoid sequestrants of the present invention are used for lowering blood cholesterol level in 
a mammal by oral administration of a therapeutically effective amount of the bile acid sequestrant to the mam- 
50 mal. The dosage of the sequestrants that will be most suitable for reduction of Wood cholesterol level will vary 
with the form of administration, the particul ar embodiment of sequestrant, and the physiological characteristics 
of the host to which the sequestrant is administered. In general the amount administered la between about 2 
and about 125 milligrams per kilogram (mg/kg) of body weight of the mammal per day. Based on physiological 
studies with beagle dogs (as described in Example 5), it is expected that the therapeutic dosage in humans 
« will generally be from about 2 to about 125 mg/kg of body weight per day. This would correspond to a dosage 
for an 80 kg human host of about 0.2 to about 10 grams/day. It is expected that more widely used doaagea will 
be from about 35 to about 60 mg/kg of body weight per day corresponding to about 2.5 to about 4 grams/day 
for an 80 kg host 
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Pharmaceutical compositions of the present Invention may be prepared by combining (1 ) the bile acid sa- 
questrant polymer particles with (2) a pharmaceutical ly acceptable canter. Bile acid sequestrants of the pres- 
ent Invention can be orally administered In any suitable way, Including In neat form or In the form of pharma- 
ceutical compositions In which the sequastrantls combined wtth pharmaceutical^ acceptable carriers, for ex- 

6 ample, In the form of tablets, capsules, particles, La,, granules or powders, or as aqueous suspensions. In the 
case of tablets for oral use, commonly used carters such as lactose and corn starch, and lubricating agents 
such as magnesium stearata, may be added. For oral administration in capsule form useful dBuents Include, 
q Q f lactose and dried starch. When aqueous suspensions are required for oral use the active Ingredient Is 
combined wtth emulsifying and suspending agents. If desired, sweetening and flavoring agents may be added. 

ro Particulate forms of the sequestrant may ba administered as a mixture with rood Items such as applesauce, 
stewed fruits, Juices and cereals. 

Bile acid sequeetranta of the present Invention can be used in conjunction wfth other treatments that are 
designed to lower the level of cholesterol In the blood. Preferred pharmaceutical compositions comprise a se- 
questrant of the present Invention used in combination with a material that Inhibits cholesterol biosynthesis. 

15 Examples of such materials would Include but are not limited to HMG-coenzyme A (HMG-CoA) reductase In- 
hibitors, HM3-CoA synthase inhibitors, squalene epoxkfase inhibitors and squalene synthase inhibitors. More 
preferred pharmaceutical compositions comprise a HMQ-CoA reductase inhibitor as the cholesterol biosyn- 
thesis-Inhibiting material. IHustrative of such HMG-CoA reductase inhibitors are lovastatin, simvastatin, pre- 
vastatin and fluvastatin. Examples of HMG-CoA synthase inhibitors are p-Iactone derivatives. 0-lactam dertv- 

zo atlves and substituted oxacydopropane analogues. Other cholesterol leveHowerlng agents that may be ad- 
ministered in conjunction with the sequestrants of the present invention indudoniacin, probucol. the fibre acids 
(ciofibrate and gemfibrozil) and UX-receptor gene inducers. 

The following Examples are presented to illustrate certain embodiments of the invention. All ratios and 
percentages given herein are by weight unless otherwise specified, and all reagents used In the Examples 

23 are of good commercial quality unless otherwise specified. 



30 



EXAMPLE 1 

This Example illustrates the preparation of spherical crossllnked particles of the present Invention from 
water-soluble dimethylemlnopropyl methacrylamide(DMAPMAM) monomer that hes beenorosslinked withme 
dif unctlonsJ amlne-re active compound 1 ,3-dlchloropropane. 

Tne dlsperssnt used was a modified hydroxyethylcellulose which was characterized by substitution with 
about 4.0 moles ot ethylene oxide per anhydroglucose unit and approximately 0.7 - 1.0 cetyl groups per 100 
anhydroglucose units, a molecular weight of approximately 300,000 and a viscosity in 1% aqueous solution 
35 of approximately 400 megaPascals. , . 

An aqueous solution was prepared by weighing 99.4 g sodium chloride, grlnolng approximately 6 g of this 
sodium chloride In a mortar with 1 .5 g dbpersant to a homogeneous mixture. The unground sodium chloride 
was added, with stirring, to 274.1 g deionlzed water atabout 55«C. The ground sodium chiorWe-dispersant mix- 
ture was added slowly to the water, which was then stirred at 65°C until at the sollda had dissolved. 
40 A monomer mixture was made by mixing 67.0 g DMAPMAM, 3.44 g 1 ,3-dlchloropropane. 56.2 g o-xylene 

and 0.687 g 2 i r-azo-b/s-(2 f 4^imethyWaleronltrfle). The (Afunctional arrfne-reactlve compound content 
based on the total monomer weight, was 5% (7.3 mole %). 

The aqueous phase was placed In a Miter round-bottomed flask equipped with 2-Wade agitator and stirred 
at 65'C. The monomer mixture was transferred to the reactor vessel and stirred while maintaining a temper- 
45 ature of 55*C for 14 hours, af ter which the solids were drained free of liquid and washed three times with water 
to remove the salt and most of the xylene. , 

The washed resin was then dried under vacuum at 60*C and ground to a partide size of less than about 
200*1. The recovery of dried reain was about 80-85%. Electron Spectroscopy for Chemical Analysis (ESCA) 
indicated the presence of charged (quaternary) nitrogen and neutral (amide ♦ amine) nitrogen. 

50 

EXAMPLE 2 

This Example illustrates the preparation of spherical croaslinked particles of the present invention from 
DMAPMAM monomer that has been crossiinked with the difunctional amine-reactlve compound 1 .3-dichloro- 

55 2-propanol. ( , . 

The spherical copolymer beads of this Example were prepared using the same procedure as that ot Ex- 
ample 1, except that 121.8 g of DMAPMAM, 6.25 g of 1>dicNoro-2-prcpanol, 1.25 g of 2,2'-azo-W»-(2.4-dl- 
methylvaleronitrae) and no xylene were used. The difunctional amine-reactive compound content, based on 
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the total monomer weight, was 5% (6.3 mole %). The recovery of dried resin was 116 9 (93%). ESCA indicated 
the presence of charged (quaternary) nitrogen and neutral (amide + amine) nitrogen. 

EXAMPLE 3 (comparative} 

s 

In a manner similar to that of Example 1, a sample of crosslinked poly(dImethylamlnopropyl^ 
in the form of porous, spherical beads was prepared by copofymerizlng DMAPMAM with a conventional poly- 
vinyl crofidlnkar, dhrinyibenzene (DVB). 

A monomer mixture was made by mixing 0 MAP MAM and DVB (55% active (by weight), 45% ethylvfnyl- 
10 benzene); no o-xylene was used. A mixed initiator solution (30% by weight In acetone) based on 2,2'-azo-ofs- 
(2/Wlrnothylvaleronltrlle) and 2,2*-azo-bfa^2-rrietrryfbutanenltrlle) was prepared; the 2,2'-azo-D/s-(2,4-dIme- 
thytvaleronitrile) Initiator was used at 0.7% by weight on monomers and the 2 ( 2 > -azo-2Ue-<2-meftylbutanen!- 
trile) Initiator was used at 03% by weight on monomers. 

The aqueous phase containing dispersant (sodium sulfate was used m place of sodium chloride as descrt- 
15 bed In Example 1) was placed In a round-bottomed flask equipped with agitator. The monomer mixture waa 
transferred to the reactor vessel and heated to 72*C with stirring. The initibator solution was then added and 
the temperature was maintained at 72°C for 2.6 hours. The temperature waa raised to 90°C and held for an 
addtionai 3 hours and then raised to 1 00°C and held for another 3 hours. The solids were drained free of liquid 
and washed thoroughly to remove salt after cooling the reaction mixture. The washed resin was then dried at 
20 60°C in a convection oven and ground to a particle size of less than about 200>. 

In this fashion, 3 different polymers were prepared crossllnked with different levels of DVB. Sample 3A 
contained 1 mole percent DVB, sample 3B contained 3 mole percent DVB and sample 3C contained 5 mole* 
percent DVB. 

25 EXAMPLE 4 (comparative) 

In a manner similar to that of Example 1, a sample of crosslinked pc^dirr^ro4amirttpropy<rr«thacry1amide) 
in the form of macro porous, spherical beads was prepared by co polymerizing DMAPMAM with conventional 
polyvinyl crossBnkers, divinylbenzene (DVB) and diethyteneglycol dhnnyi ether (DEODVE). 
30 A monomer mixture was made by m facing DMAPMAM, DVB (80% active (by weight), 20% ethylvinylbert- 

zena), DEGDVE, 2,2'-azo-6/s-(2,4-dImethylvaleranItrile) Inltitlator (1 % by weight of total monomer) and o-xy- 
lene (gi % by weight on monomers). The crossllnker concentration was 4% DVB and 0.5% DEGDVE by weight 
of total monomer (5.7 mole percent total dhrinyl crossllnker). 

The polymerization and polymer workup was conducted as described in Example 1, except that residual 
35 o-xylene was removed by steam sweep distillation. 

EXAMPLES 

The efficacy of the crosslinked copolymer of the present invention as a bile acid sequestrant was evaluated 
40 in beagle dogs. Beagle dogs weighing 9 to 1 1 kg each ware fed a semi-synthetic, low cholesterol diet once per 
day in a quantity (200 to 300 grams/dop/day) that stab Qlzed the body weight of the respective dogs. The semi- 
synthetic diet Included 32.01% vitamin free casein; 43.14% dextrose; 1 2.42% lard; 2.39% cod liver cit; 2.72% 
calcium phosphate; 4.92% oeila flour; and 2^9% negated vitamin mix No. 14. 

Baseline plasma cholesterol levels were assessed for each dog by feeding the semi-synthetic diet without 
45 a bile acid sequestrant for six months and measuring plasma cholesterol levels on blood samples taken twice 
per week. After the baseline serum cholesterol levels were established, cholestyramine bile acid sequestrant 
was mixed wfth the diet (at dosages of 3, 6 and 12 grams/dog/day) plasma cholesterol levels were measured 
twice a week for four weeks to characterize the relationship between cholestyramine dosage and serum chol- 
esterol levels for each dog. 

so Following derivatlzatton of the dose/response relationship, the dogs were maintained on a regimen of 12 
grams cholestyramme/dog/day until a copolymer of the present invention was substituted for the cholestyra- 
mine In the diet et a dosage of either 3 grams/dog/day or 6 grarna/dog/day. The dogs were fed the copolymer 
of the present invention and the plasma cholesterol levels of the dogs were measured daily for four weeks. 
The serum cholesterol level of dog fed a bile acid sequestrant stabilizes at a level below to baseline level. The 

55 relative efficacy of the crosslinked bile acid sequestrant of the present Invention and of a control dosage of 
12 grams chdestyramine/day was quantified by calculating an efficacy factor ("EF") according to Equation 3: 

EF - ((N - B)/(N - A)X12/X) [3] 

wherein: 
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EF a efficacy factor 

N - serum cholesterol level In milligrams choleaterol/docltiter serum (rog/d) on the semisynthetic diet 
without a bite acid aequestrant; 

A = serum cholesterol level (mg/ol) or semi-synthetic diet Including 1 2 grams choieatyramlne/day; 
5 X = (grams dosage of bile add sequestrant of the present Invention as bile acid sequ est rant/day) In- 

cluded In serum synthetic diet; and 

B * serum cholesterol level (mg/<fl) on semi-synthetic diet Including X grams of crossllnked bflo acid se- 
questrant of the present Invention. 

The sequestrant of Example 2 and Comparative Examples 3A. 33, 3C and 4 ware each tested in beagle 
10 dogs according to the above method. A sample of uncross! Inked poly(d[methylarrJnopropy{rnelriacrylamlde) 
prepared by aqueous phase solution polymerization and having a number average molecular weight of 261 ,000 
and a weight average molecular weight of 588,000 was also tested according to this procedure and Is listed 
as sample 5A In the table below. Results are set forth below In Table 1 as the EF, calculated aceoxring to Equa- 
tion 3 for each of the sequestrants tested, along with the dosage administered, expressed as grama seques- 
15 brant per dog per day (g/dog/day) and a number (Dog No.) identifying the dog to which the dosage was ad- 
ministered. 

The results in Table 1 show that the bile acid sequestrant of the present invention (Example 2) possesses 
enhanced efficacy over that of sequestrants made with polyvinyl cross! inker (Examples 3A. 3B, 3C and 4) or 
with no cross tinker (Example 5A). 

20 



TABLE 1 
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Moie Percent 

Divlnyl 

CrossRnfter 


Mds Percent 

Non-Vinyl 

Crosslinker 


Example No. 


Dog No. 


Dosage (g/dog/day) 


EF 




0 


6.5 


2 


205 


3 


4 




1.0 


0 


3A (comparative) 


209 


3 


1.3 


30 


3.0 


0 


38 (comparative) 


206 


3 


1.7 




5.0 


0 


3C (comparative) 


205 


a 


2.1 




5.7 


0 


4 (comparative) 


301 


3 


2.7 


35 


0 


0 


5A (uncrosslinked) 


200 


6 


3.2 



EXAMPLE 6 

40 A suspension of particles of the sequestrant In deionlzed water was prepared. The suspension was serially 
diluted into serumiess culture medium. The most concentrated suspension tested was 1000 micrograms se- 
questrant per milliliter suspension fog/ml). 

Exponentially growing Chinese hamster ovary (CHO) cell cultures were treated with the sequestrant di- 
lutions for three hours. The cultures were gently rocked on a rocker platform during treatment in an attempt 
45 to maintain a uniform suspension over the cells for the entire treatment period. Negative controls, JLe M CHO 
cell cultures treated with serumlesa culture medium, and solvent controls, i.e., CHO cefi cultures treated with 
1% do ionized water in serumiess culture medium, ware included. 

Treatment was terminated by washing the cultures twice with Dulbecco's phosphate buffered saline and 
ceils were allowed to recover In McCoy's 5A medium containing 10% fetal bovine serum for 0, 5 or 21 hours, 
so Le. t 3 ( 8 or 24 hours from the beginning of treatment 

Ceils were harvested at 3 and 24 hours by treating with trypsln-EDTA end scraping the ceil monolayers 
from the culture flasks. The harvested cells were counted by Coulter counter to determine relative reductions 
in cell numbers. At selected doses. Trypan blue exclusion counts were conducted using a hemacytometer to 
determine eel viabl Qty to control for the possfcltliy that some dead cells may have been counted with the Coult- 
59 er counter. No celt counts were conducted at 8 hours, but the culture monolayers were examined for evidence 
of toxicity under an Inverted microscope. 

The sequestrants of Example 2 and comparative Example 5A (uncrosslinked) were each tested for cyto- 
toxicity using the procedure set forth above. The results of cytotoxicity testing are set forth below In Table 2 



12 



EP 0 665 246 A1 



asanEDaovakj In pc7ml for each sequ est rant tested, wherein tti ED W values rndlcate the minimum dosage 
of tho respective sequea trant effective to MB 50% of the cele In the cell culture treated. 

The results In Table 2 show that the bile acid sequestrant of the present Invention (Example 2) possesses 
greatly reduced toxicity compared to that of a sequestrant made with no crossUnker (Example 5A). Materials 
6 with EDso values of 100 uo/rrd or greater are generally considered non-toxic, and those win values below 100 
pgrml are considered toxic with the degree of toxicity Increasing as the value of ED 69 decreases further below 
100 pfl/ml. 



TABLE 2 
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Example No. 


ED M (\iQM) 


2 

5A 


>100 
10.0 



Claims 



*> 1 . A process for the preparation of substantia^ water Insoluble bite acid sequestrant polymer particles, 
which comprises: 

(a) polymerizing a monomer charge comprising one or more amlne-contalnlng monomers by free- 
radical polymerization; and 

(b) non-f res-radical crosslinldng with one or more polyfunctions! amlne-reactlve compounds, the norv 
28 free radical crossilnkfng occurring before and/or during and/or after step (a): 

to provide polymer particles that have bile add sequestering efficacy greater than that of cholestyramine, 
provided that the ami no-containing monomer(s} contain amine functionality that la not directly attached 
to a vinyl group In the case where step (b) is conducted after step (a), and further provided that step (b) 
occurs during step (a) in the case where the monomer charge of step (a) comprises one or more free- 
30 radical reactive polyvinyl crcssiinWng monomers. 

2. A process as claimed in claim 1 , wherein the polymerization is conducted as a suspension polymerization 
and the amine-contalnlng monomer(s) is/are water-soluble. 

3. A process es claimed in claim 2, which further comprises the use of one or more dispersant during the 
polymerization In an amount sufficient to provide the polymer particles in spherical form. 



4w A process as claimed in any preceding claim, wherein: 

(i). crosslink] ng occurs during formation of the polymer particles; or 
40 (ii). step (a) ts completed to produce uncroaalinked polymer particles, followed by step (b). 

5. A process as claimed In any preceding claim, wherein the poiyfu notional amlne-reactlve compound^) 
is/are used In an amount from 0.1 to 50 mole percent, for example in an amountf rom 2 to 10 mole percent, 
of total monomers present 

45 

6. A process as claimed In any preceding claim, wherein the amlne-contalnlng monomer(s) Is/are selected 
from: urtsubstituted and substituted amlnoalKyl (meth)acryiate esters, for example dimethyl amlnoethyl 
methacryiate; and urtsubstituted and substituted arnlnoafcyl (methjacrylamldes, for example dlmethyta- 
rrdnopropyl methacrytamide. 

50 

7. A process as claimed In any preceding claim, wherein the poiyfu notional amine-reacUve compound(s) 
Is/are selected from unsubstftuted and substituted members of the following classes: dlhaioalkanes, for 
example dlhaJoalkanas selected from the group consisting of 1,2-dIchloroethana, 1 ,2-dIchJoroprapane, 
1 ,3-dlchtoro propane, 1,3-di-eh1oro-2-propanoJ and 1,4Kfichlc*obutane; aralkyt dlhalkiea; allcyiene die* 

55 stars; aryl dleetsre; aralkyl diesters; alkylene dlacylhalides; aryi dlacylhalldes; aralkyf dlacytiaDdaa; dla- 

(dehydes; dJepoxyalkanea; epihalohydrins, for example epichlorohydrin; and aralkyt depoxidea. 
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8. A process as claimed In any preceding claim, wherein the polymer particles have amine functionality at- 
tached to polymer backbone through a side chain linkage group. 

9. A process as claimed In any preceding claim, wherein the polymer particles are In the form of a pharma- 
ceuticaJly acceptable salt, for example having a bile acid sequestering efficacy at least three times the 
efficacy of cholestyramine. 

10. A process as claimed in any preceding claim, wherein the amine-contalning monomers) la dlmefhytarm*. 
nopropyf methacryiamlde, and the nor/functional amlne-reactrve compound(a) Is a substituted dlhaloaJk- 
ane, for example 1,3-dfchloropropana or 1 ,3-dJcNctfo-2-prapanoJ. 

11. A pharmaceutical composition, which comprises polymer particles prepared by a process as claimed In 
any preceding claim, and a pharrnaceutically acceptable carrier. 

12. A pharmaceutical composition as claimed in claim 11 , which further comprises a cholesterol biosynthesis* 
' inhaling material, for example an HMG-CoA reductase inhibitor. 
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